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Example of a simple NUCLEONICA application: ~ The Mass-Activity Calculator
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Example of a simple NUCLEONICA application:

The Mass-Activity Calculator:

Unit Conversion

The conversion from mass to number of atoms M, and vice
werza, is obtained using

N = Mass(g) - Na/M

where V.4 is Avogadro's number, M is the atomic mass of
the nuclide. The conversion from number of atorms to activity,
and vice versa, is obtained using

Activity(Bg) = k- N =1In2 - N/T
Activity(Ci) = Activity(Bq) /3.7 - 1017

where k&, and T are the decay constant and half-life
respectively of the nuclide. It follows that the relation between
activity and mass is given by

Activity(Bq) = (In2/7) - Mass(g) - Na/M

Simple Decay and the Decay Constant

For simple radicactive decay processes inwhich a parent nuclide decays and there is no
source term for the production of the parent, the equation for radioactive decay is given by

dN/dt = —kN

where [V is the number of atoms at time ¢ and ﬁs“.ig the decay constant. The Activity is the
number of disintegrations per unit time i.e. Activity = —dN/dt = EN . The decay
constant is related to the half-life T through the relation

k=In2/T 0693/

It fallows that the number of atormns as a fuction of time is given by

|"l|"IT
N(f) = N([]] ce R gy alternatively W = N[{]) . (%)

and the activity as a function of time is given by

Activity(t) = Activity(0) - e~ % or altmatively

1 fl.-".—
Activity(t) = Activity(0) (5)

1\ "7
The expressions involving the term (5) are useful for calculating directly with the decay

F4

tirme £ and the half-life 7.




Example of simple NUCLEONICA application: Nuclide Selector

In the Mass Activity Calculator, the nuelide Co-B0 is selected by default. A
different nuclide can be selected from the element and mass drop-down
menus. The default source strength is 1 gram. In the Unit/Quantity table, this
source strength is shown in Becguerel (B, Curie (T, Mumber of Atoms.

1 H 1 g Co-B0 d h of 4.187E13 Byg, 1.132E3 Ci
nucIED = Ica%.. - We b d I"IVE nn L.I C Df:_CDEGEgH me?rrespan s 10 a source strength o q i

Elemert: Mass:

Applications iy Preferences Print i3 Help r

CoBl o .l
Mass Activity Calculator )
1047 m| 5274 shows the location of the selected nuclide on the nuclide chart.
27 Cobalt
Actual Chart: Karlsruh . . [edit]
Unit/Quantity Selector
The input unit can be changed in the Unit drop down menu. The default value is
Element:  Mass 1 gram. Had the walue 1 Curie been selected, on pressing the Update hutton,
[ = o | the corresponding values in grams, By, number of atoms are shown in the
[ Co v | | GO i "'I'J Unit/Quantity table.
Unit Cuantity
Curies v '1.0000E-+00
Unit Guantity S
T 1 Curies
11 Update | Mumber Of Atams

Unit/Quantity Table

BER s A R
Once the unit and quantity have been selected in the Unit/Quantity Selector,
Becquerel 4 1871E+13 the squrce strength in other units is given in the Unit/Quantity table, by .
pressing the update button. In the table below, results are shown for 1 Ci Co-
Curies 1.1317E+03 B0.
Murmber of Atoms 1.0043E+22
Grams 8.8366E-04

wWarzsion 1.0.0000.0095 Becquerel 3.7000E+10

Mumber of Atoms 23.8730E+18




Exercises! Mass-Activity Calculator

Calculate the specific activities of C-14 and S357 (1.7E11 Bqg/g (4.5 Ci/g), 1.6E15 Bq/g (4.3E4 Ci/g)). After what time is the
activity reduced by 50% ?(5700y, 87.32d )

The activity of Sr-90 is 18,000 transformations per minute. What is the mass of Sr-90? (Ans. mass = 5.88E-11q). After
what time is the activity reduce to 25% of its initial value? (57.6 y)

6 g of carbon from a piece of wood found in an ancient temple is analyzed and found to have an activity of 10
transformations per minute per gram (from C-14). How many atoms of C-14 are present in the sample and what is their
mass? (2.6E11 atoms, mass = 6.0E-12 g)

The environmental burden of C-14 is as follows: In the atmosphere 4 MCi, in plants 13 MCi, in the oceans 240 MCi. What
are the masses of C-14 in a) the atmosphere b) in plants and c) in the oceans? (893 kg, 2.9 metric tons, 53.6 tonnes)

The concentration of potassium (K) in humans is about 1.7 g/kg. How much potassium does an average person (weight 80
kg) contain? (136 g). What is the abundance of K-40 in natural potassium?. What is the mass and activity of K-40 in this
person? (0.0117%,1.59E-2 g, 4.2 kBq).

Calculate the specific activities of H-3, Sr-90, U-2387 (3.6E14 Bq/g, 5.1E12 Bq/g, 1.2E4 Bq/q)

What is the maximum alpha particle emission rate from 1 ug Ra-2267? (3.7E4 alphas/s)
Three hundred MBq (5.4mCi) of Po-210 are required for an ionisation source. What is the mass of Po-2107 i1 8 ug)

How many grams of Y-90 are in secular equilibrium with 1 mg Sr-907 (0.25 ug)
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